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Abstract
This study evaluated the role of supplemented dietary carotenoids in regulating the skin color and
pigments of the false clownfish, Amphiprion ocellaris. Three carotenoid types, such as astaxanthin,
β-carotene, and canthaxanthin, were added to the basal diet at four pigment doses (0, 20, 50,
and 100 ppm). Carotenoid diets were feed for 5 wk and then withdrawn from the diet for three
additional wk during an 8-wk trial. The dose of each diet did not change the overall color hue,
brightness, or saturation, but astaxanthin was the only carotenoid that enhanced red hue by the
end of Week 5. The withdrawal of astaxanthin from the diet did not reduce the red hue, but
reduced saturation. In contrast, the withdrawal of dietary β-carotene or canthaxanthin reduced
color saturation and brightness, but did not affect color hue. Dietary astaxanthin increased skin
astaxanthin in Week 1 and skin zeaxanthin in Week 5. The withdrawal of astaxanthin escalated
skin canthaxanthin and zeaxanthin by Week 8. Dietary β-carotene suppressed skin β-carotene,
but enhanced skin zeaxanthin by Week 8. Although skin canthaxanthin was enhanced by dietary
β-carotene from Week 5 onward, dietary β-carotene at 100 ppm maximized skin canthaxanthin by
Week 8. Interestingly, dietary canthaxanthin suppressed skin canthaxanthin and zeaxanthin, but
increased β-carotene. This study suggests that astaxanthin has the potential to enhance the red hue
on clownfish skin and its withdrawal from the diet did not fade the red hue of the skin.
The false clownfish, Amphiprion ocellaris,
has been commercially produced for aquarium
hobbyists (Hoff 1996; Chapman et al. 1997).
A noble reason for culturing clownfish is to
protect coral reefs from destructive collection
and over exploitation of the wild clownfish
population (Alava and Gomes 1989; Andrews
1990). Although the culture of clownfish has
been successfully achieved (Alava and Gomes
1989; Maroz and Fishelson 1997), the col-
oration of farm-raised fish is inferior to their
wild counterparts (Booth et al. 2004). The color
of wild-caught clownfish is usually bright pink
or reddish orange, while hatchery-raised fish
are light orange (Tanaka et al. 1992). A recent
study reported that a light intensity of 20–50 lx
1 Corresponding author.
could brighten the skin color of clownfish (Yasir
and Qin 2009a) and this color could add to
the commercial value in the aquarium trade
(Hoff 1996). Yasir and Qin (2009b) further
demonstrated that a blue or green background
could strengthen the orange color, whereas a
white background made fish less color saturated
but brighter. Our previous studies showed that
clownfish could temporarily change coloration
through changing light intensity or background
color. However, manipulating environmental
conditions is unlikely to permanently alter the
pigment composition of fish skin. An alterna-
tive is to explore the response of coloration of
clownfish to diet manipulation.
Carotenoids are biosynthesized by plants,
algae, and certain yeast and bacteria (Ong
and Tee 1992). Carotenoids are responsible for
the red, orange, and yellow colors of fish and
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crustaceans (Packer 1992). Dietary carotenoids
play an important role in regulating fish color
because fish, like other animals, are unable to
synthesize carotenoids and their skin color is
highly dependent on carotenoids from the diet
(Torrissen et al. 1990). Upon intake, fish can
modify alimentary carotenoids and store them
in the integument and other tissues (Ha et al.
1993). Since farmed fish have no access
to carotenoids from natural food, necessary
carotenoids must be obtained from their diet
to maintain their bright coloration. Astaxanthin
is a carotenoid classified as a xanthophyll,
which means “yellow leaves” (Winterhalter
and Rouseff 2002). Supplementation of astax-
anthin to fish diet has improved skin red-
ness of farm-reared Australian snapper, Pagrus
pagrus, whereas skin redness decreased over
time in fish without astaxanthin supplementa-
tion (Booth et al. 2004). Similarly, the addition
of astaxanthin to the diet of goldfish, Carassius
auratus, increased the red pigmentation density
of the skin (Xu et al. 2006). Therefore, a study
of the role of carotenoids in changing fish pig-
mentation has become an important aspect in
ornamental fish diet.
Deposition of carotenoids into fish skin
depends on their types (White et al. 2002;
White et al. 2003; Kalinowski et al. 2005) and
the dose in diets (Paripatananont et al. 1999;
Matsuno 2001; Wallat et al. 2005). In addition,
the effectiveness of carotenoid sources in terms
of deposition and pigmentation is species spe-
cific (Ha et al. 1993). For example, goldfish
convert the yellow pigment zeaxanthin to the
red pigment astaxanthin (Hata and Hata 1972).
Conversely, trout, Oncorhynchus mykiss, per-
form the opposite transformation, converting
astaxanthin to zeaxanthin (Katsuyama et al.
1987). In contrast, red sea bream, Pagrus major,
does not convert xanthophylls to canthaxan-
thin or astaxanthin (Torrissen and Christiansen
1995). The ability of clownfish to convert pig-
ments in diet to other forms and modify the skin
color is little known.
The objectives of this study were to manip-
ulate the type of carotenoids, namely astaxan-
thin, β-carotene, and canthaxanthin, and their
doses in the diet of clownfish and to examine
if fish color expression is related to pigment
intake. The dose of carotenoid in regulating
color expression in fish warrants investiga-
tion for the following reasons. First, darker
color expression might be a result of stress
imposed by aquaculture practices, whereas a
low dose of carotenoids may enhance melano-
genesis because carotenoids are known to pre-
vent oxidative stress (Chatzifotis et al. 2005).
Second, there is a theoretical saturation level of
astaxanthin in fish, and excess intake of astax-
anthin will be metabolically transferred and
excreted (Page and Davies 2006).
Materials and Methods
Experimental Design
Three-month-old A. ocellaris (28.9 ± 3.1 mm
standard length; 0.91 ± 0.34 g) were used in
this study. All fish hatched and reared in
the laboratory were fed with a gelatine-based
diet without carotenoid addition before the
start of this experiment. This study was con-
ducted in rectangular glass aquaria (25 × 25 ×
20 cm) with 35 fish each. The aquaria were
supplied with seawater through a recirculat-
ing system treated with a biofilter and a
mechanical filter. Oxygen was maintained at
6 ppm with one air stone in each aquarium.
The environmental variables were maintained
at 27–28 ppt salinity, 26–27 C and a photope-
riod of 14-h light : 10-h dark at a light intensity
of 20–50 lx.
The basal diet consisted of 80% frozen dory
fish, Cyttus australis, without skin, 5% vita-
min C, and 15% gelatine by weight (Table 1).
The fish flesh was ground into a paste before
being mixed with other ingredients. Astax-
anthin, β-carotene, and canthaxanthin (Extra-
synthe`se, France) were then separately added
into the basal diet to form nine experimental
diets with the basal diet as a control. The astax-
anthin, β-carotene, and canthaxanthin each had
three doses at 20, 50, and 100 mg/kg, respec-
tively (Table 1). The paste diet was molded
into 1 cm3 block and stored at −20 C. Three
replicates were used for each of the nine exper-
imental diets and the basal diet. Fish in each
treatment only received one diet type twice a
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Table 1. Composition of experimental diets.
Basal diet ingredients (% by weight) Carotenoid supplements (ppm)
Diet types Ground fish flesh Gelatinea Vitamin C Astaxanthin β-carotene Canthaxanthin
Control diet 80 15 5 0 0 0
Astaxanthin (20 ppm) 80 15 5 20 0 0
Astaxanthin (50 ppm) 80 15 5 50 0 0
Astaxanthin (100 ppm) 80 15 5 100 0 0
β-Carotene (20 ppm) 80 15 5 0 20 0
β-Carotene (50 ppm) 80 15 5 0 50 0
β-Carotene (100 ppm) 80 15 5 0 100 0
Canthaxanthin (20 ppm) 80 15 5 0 0 20
Canthaxanthin (50 ppm) 80 15 5 0 0 50
Canthaxanthin (100 ppm) 80 15 5 0 0 100
aGelatine: a mixture of 125-mL water and 7-g gelatine powder.
day to apparent satiation. At the end of Week 5,
all fish were switched back to the basal diet con-
taining no carotenoid addition for an additional
period of 3 wk. This was done to test if the fish
color gained from the carotenoid diets could be
retained without further intake.
Three fish were randomly sampled from each
tank in Weeks 1, 5, and 8. Fish were then
anesthetized with MS-222 (70 ppm) prior to the
visual analysis. Soon after the fish image was
taken, the fish was weighed and placed in a
sealed plastic bag covered with aluminum foil.
The specimen was then frozen at −20 C until
the carotenoid analysis.
Procedures for image and carotenoid anal-
yses were described in detail in Yasir and Qin
(2009a). In brief, photographs were taken under
four natural white color bulbs. A digital cam-
era was situated on an adjustable arm between
the two light sides. The camera was set up at
25 cm above the specimen and could capture
the whole fish image along with the yellow
and red reference cards (Kodak; CAT 152 7662;
Q-14) underneath the fish container. The image
was analyzed with Adobe Photoshop software
(version 7.0.1).
The hue-saturation-brightness (HSB) color
model is a mathematical representation of color,
in a way more similar to human color percep-
tion (Georgieva et al. 2005). The HSB model
breaks the color into three components: the hue
(i.e., how “pure” the color is), the percentage
of saturation (i.e., how “intense” the color is),
and the brightness. The HSB model can be
visualized an upside-down cone (Yasir and Qin
2009a). Hue is the actual color and is measured
in angular degrees around the cone starting and
ending at red = 0 (e.g., yellow = 60; green =
120; and blue = 240). Saturation is the purity
of the color, measured in percentage from the
center of the cone (0) to the surface (100). At
0% saturation, hue is meaningless. Brightness is
measured in percentage from black (0) to white
(100). At 0% brightness, both hue and satura-
tion are meaningless.
Carotenoids were extracted from the whole
fish with a mixed solution of acetone and hex-
ane in 7:3 by volume for 10 min (Yasir and Qin
2009a). The extract was analyzed with a nor-
mal phase high performance liquid chromatog-
raphy (HPLC) using a Luna 3-μ silica column
(2) 100 ´˚A (150 × 4.6 mm) with security guard
cartridge silica (4 × 3.00 mm; Phenomenex)
and hexane : acetone (81:19; v/v). The flow rate
was 1.1 mL/min with a 20-μL injection. The
detector was set at a wavelength of 474 nm.
Natural sources of canthaxanthin, β-carotene,
zeaxanthin, and astaxanthin (Sigma) were used
as the standards for the HPLC analysis.
Calculation and Statistical Analysis
The experimental data were statistically
analyzed using SPSS (version 15). One-way
repeated-measure ANOVA was used to test the
dose effect of each of the three experimental
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diets: astaxanthin, β-carotene, and canthaxan-
thin on the coloration of clownfish. Dose was
considered the between-subject factor and time
was the within-subject factor. The time effect
between Weeks 5 and 8 was used to test if the
color gained from the experimental diet would
be retained after switching to the basal diet
after Week 5. A two-way ANOVA was used
to test the dependent effect of the carotenoid
type and dose on fish color using the data
of Week 5. Where significant differences were
detected, pairwise comparisons with the Bon-
ferroni test were used. The significant level of
difference was set at P < 0.05.
Results
Visual Analysis
Repeated-measure ANOVA showed that the
dose of astaxanthin, β-carotene, and canthaxan-
thin at 0, 20, 50, or 100 ppm did not change
the overall hue, saturation, or brightness of fish
skin (P ≥ 0.065; Table 2). However, fish color
significantly responded to the manipulation of
each carotenoid diet over time (P = 0.0001;
Table 2).
Temporal comparisons showed that after
supplementation of carotenoids for 5 wk, sup-
plementation of astaxanthin, β-carotene, or can-
thaxanthin to the diet significantly changed the
hue value (P < 0.05; Fig. 1), but the with-
drawal of β-carotene or canthaxanthin from
the diet in Week 5 did not change the hue
by Week 8 (P ≥ 0.42). However, the with-
drawal of astaxanthin significantly increased the
hue value (P = 0.006). Similarly, the addition
of astaxanthin, β-carotene, or canthaxanthin to
the diet significantly enhanced the skin bright-
ness by Week 5 (P = 0.0001). The removal of
β-carotene or canthaxanthin from the diet
significantly decreased fish brightness (P =
0.0001 and P = 0.017; Fig. 1), but the drop of
dietary astaxanthin did not significantly affect
color brightness (P = 0.069). In contrast, the
skin color saturation declined after the supple-
mentations of astaxanthin, β-carotene, or can-
thaxanthin for 5 wk (P < 0.05), and the decline
of color saturation continued even when fish
resumed consumption of the basal diet for three
additional weeks (P < 0.05).
The impact of canthaxanthin supplementa-
tion on skin color saturation varied with time
Table 2. Results of repeated-measure ANOVA showing the dose effects of astaxanthin, β-carotene and canthaxanthin on
the color hue, saturation and brightness of the fish skin. The dose was the between-subject factor and the time was the
within-subject factor.
Hue Saturation Brightness
df MS F P df MS F P df MS F P
Astaxanthin
Dose 3 6.19 2.89 0.103 3 5.45 1.10 0.404 3 7.77 2.62 0.123
Error (time) 8 2.14 8 4.95 8 2.97
Time 2 115.31 134.37 0.0001 2 736.14 49.44 0.0001 2 144.99 21.41 0.0001
Time × Dose 6 1.80 2.09 0.112 6 9.60 0.65 0.694 6 4.60 0.68 0.669
Error (time) 16 0.86 16 14.89 16 6.77
β-Carotene
Dose 3 1.25 1.63 0.257 3 20.73 1.73 0.237 3 5.5 1.57 0.271
Error (dose) 8 0.77 8 11.95 8 3.51
Time 2 127.02 63.54 0.0001 2 496.09 60.66 0.0001 2 212.02 50.50 0.0001
Time × Dose 6 0.17 0.08 0.997 6 15.91 1.95 0.135 6 4.57 1.09 0.41
Error (time) 16 2.00 16 8.18 16 4.20
Canthaxanthin
Dose 3 3.64 1.21 0.366 3 18.65 3.62 0.065 3 4.89 0.77 0.544
Error (dose) 8 3.00 8 5.15 8 6.37
Time 2 87.77 76.96 0.0001 2 691.24 237.32 0.0001 2 197.50 26.94 0.0001
Time × Dose 6 0.93 0.81 0.576 6 9.47 3.25 0.028 6 14.19 1.94 0.136
Error (time) 16 1.14 16 16
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Figure 1. Repeated-measure ANOVA results showing the
impact of dietary supplementation of astaxanthin (A),
β-carotene (B), and canthaxanthin (C) on skin hue, satu-
ration and brightness (top 3 figures) and the dose impact
of dietary canthaxanthin on skin saturation (bottom). The
values represent the means ± SE. Different letters denote
significant differences (P < 0 .05 ).
and doses (P = 0.028; Table 2). The addition
of canthaxanthin to the diet at all doses except
the diet containing 100 ppm canthaxanthin
reduced color saturation by Week 5 (P < 0.05;
Fig. 1). However, the removal of canthaxanthin
from the diet of all doses in Week 5 signif-
icantly decreased color saturation by Week 8
(P = 0.0001).
After carotenoid-supplemented diets were
used for 5 wk, the dependent effect of dose and
type of carotenoid on the skin hue, saturation,
and brightness was tested using a two-way
ANOVA based on the data of Week 5. The
hue value responded differently to the type of
dietary carotenoids (P = 0.018; Table 3). Fish
fed the astaxanthin diet for 5 wk developed
more reddish orange (i.e., a lower hue value)
than the fish fed the β-carotene diet (P =
0.016), but did not differ from the fish fed
the canthaxanthin diet (P = 0.699; Fig. 2). The
type of carotenoids did not affect either the
saturation or brightness of the skin color (P ≥
0.454). Dose did not affect any skin color
variables (P ≥ 0.079; Table 3).
Carotenoid Analysis
The dose effect of astaxanthin, β-carotene,
and canthaxanthin supplements was tested on
the contents of astaxanthin, β-carotene, can-
thaxanthin, and zeaxanthin in the fish skin
(Table 4).
Astaxanthin Supplementation
By the end of Week 1, a significant increase
of skin astaxanthin was detected in fish fed
the 20 ppm astaxanthin diet (P < 0.05; Fig. 3),
but there was no difference of skin astaxanthin
between other astaxanthin doses (P > 0.05).
On the contrary, the skin β-carotene, canthaxan-
thin, and zeaxanthin contents were not affected
by astaxanthin supplementation (P > 0.16), but
varied over time (Table 4). Although no signif-
icant difference of β-carotene in fish skin was
observed between Weeks 1 and 5, the with-
drawal of astaxanthin at the end of Week 5 fur-
ther reduced the β-carotene content by Week 8,
but the amount of β-carotene reduction was not
significant (P = 0.238; Fig. 3).
An increasing trend of skin canthaxanthin
was observed over time after fish were fed
the astaxanthin diet. The level of canthaxan-
thin in Week 8 was significantly higher than
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Table 3. Two-way ANOVA showing the impact of the carotenoid type and dose on the color hue, saturation and
brightness of the skin after 5 wk of carotenoid supplementation in diet.
Hue Saturation Brightness
Source df MS F P df MS F P df MS F P
Carotenoid type 2 9.107 5.07 0.018 2 6.642 0.695 0.512 2 2.57 0.824 0.454
Dosage 2 0.736 0.409 0.67 2 2.87 0.3 0.744 2 9.154 2.936 0.079
Carotenoid × Dose 4 0.433 0.241 0.911 4 15.465 1.618 0.213 4 0.513 0.165 0.954
Error 18 1.796 18 9.558 18 3.118
a
b
ab
40
45
A B C
D
eg
re
e
Carotenoid Type
Hue
Figure 2. Two-way ANOVA results showing the impact
of carotenoid types (A: astaxanthin; B: β-carotene; and
C: canthaxanthin) on the skin hue. Values represent
the means ± SE. Different letters denote significant
differences (P < 0 .05 ).
that in Week 1 (P < 0.05), despite the with-
drawal of astaxanthin at the end of Week 5
(Fig. 3). Similarly, the skin zeaxanthin signif-
icantly increased after fish were fed on astax-
anthin diets for 5 wk (P = 0.036). The amount
of zeaxanthin in Week 8 was not reduced (P =
0.287; Fig. 3), although the supplemental astax-
anthin was withdrawn from the diet at the end
of Week 5.
β-Carotene Supplementation
The skin astaxanthin was not affected by
β-carotene supplementation (P = 0.436), but
varied over time (P = 0.024; Table 4). Although
Table 4. One-way repeated-measure ANOVA showing the dose effect of astaxanthin, β-carotene and canthaxanthin
supplementation on astaxanthin, β-carotene, canthaxanthin and zeaxanthin contents of the fish skin.
Astaxanthin β-carotene Canthaxanthin Zeaxanthin
Source df MS F P df MS F P df MS F P df MS F P
Astaxanthin
Dose 3 4.59 4.29 0.044 3 63.66 2.25 0.16 3 3.67 1.15 0.386 3 32.18 2.19 0.167
Error 8 1.07 8 28.27 8 3.19 8 14.69
Time 2 1.86 1.512 0.249 2 700.63 13.46 0.0001 2 20.24 7.19 0.006 2 527.32 19.00 0.0001
Time × Dose 6 4.31 3.53 0.020 6 65.00 1.25 0.334 6 3.69 1.31 0.309 6 32.66 1.18 0.367
Error (time) 16 1.22 16 52.05 16 2.82 16 27.76
β-Carotene
Dose 3 2.37 1.01 0.436 3 183.20 11.02 0.003 3 10.64 7.32 0.011 3 101.97 12.80 0.054
Error 8 2.33 8 16.62 8 1.45 8 7.97
Time 2 3.95 4.74 0.024 2 1024.18 73.88 0.0001 2 25.41 9.47 0.002 2 671.61 77.12 0.0001
Time × Dose 6 1.84 2.21 0.097 6 86.77 6.26 0.002 6 6.94 2.59 0.060 6 47.99 5.51 0.008
Error (time) 16 0.83 16 13.86 16 2.68 16 8.71
Canthaxanthin
Dose 3 1.51 2.87 0.103 3 124.51 10.37 0.004 3 5.61 9.08 0.006 3 61.07 4.34 0.043
Error 8 0.52 8 12.01 8 0.62 8 14.06
Time 1 0.41 0.93 0.363 1 150.90 15.37 0.004 1 1.33 0.53 0.488 1 109.96 19.50 0.002
Time × Dose 3 1.11 2.49 0.134 3 47.94 4.88 0.032 3 2.09 0.83 0.514 3 25.66 4.55 0.038
Error (time) 8 0.44 8 9.82 8 2.52 8 5.64
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Figure 3. Effect of dietary astaxanthin addition on the
skin astaxanthin, β-carotene, canthaxanthin, and zeax-
anthin. The values represent means ± SE. Means with
different letters denote significant differences (P < 0 .05 ).
the skin astaxanthin was reduced after fish
fed on supplemental β-carotene for 5 wk, the
reduction was not significant (P > 0.05). The
3-wk withdrawal of dietary β-carotene only
slightly enhanced astaxanthin by Week 8 (P =
0.08; Fig. 4). The β-carotene supplementation
at any dose did not enhance the skin β-carotene
-carotene
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Figure 4. Effect of dietary β-carotene supplementation on
skin astaxanthin, β-carotene, canthaxanthin and zeaxan-
thin by time, and on canthaxanthin by dose. The values
represent means ± SE. Different letters denote significant
differences (P < 0 .05 ).
in the first 5 wk (P > 0.05). However, after the
withdrawal of dietary β-carotene, a significant
dose effect was detected by Week 8. The skin
β-carotene content was significantly reduced
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in fish fed the 20 or 100 ppm β-carotene
supplement compared with the fish fed the
control diet (P < 0.05).
Both the β-carotene dose (P = 0.011) and
time (P = 0.002) significantly affected the skin
canthaxanthin. The 100 ppm β-carotene dose
resulted in a significantly higher skin canthax-
anthin content than the control and the 50 ppm
diet (P = 0.022; Fig. 4). The skin canthax-
anthin was significantly increased by Week 5
(P = 0.016), but the withdrawn of dietary
β-carotene did not affect the skin canthaxanthin
by Week 8 (P = 0.38; Fig. 4).
The impact of β-carotene supplement on the
skin zeaxanthin depended on time (P = 0.008).
In Week 1, the 100 ppm dietary β-carotene
significantly enhanced skin zeaxanthin (P >
0.05). However, by Week 5, the amount of
skin zeaxanthin was not different between doses
of the fed supplemental β-carotene (P > 0.05).
Despite the withdrawal of dietary β-carotene,
the skin zeaxanthin was higher in fish that
had fed on the β-carotene diets than the con-
trol, regardless of the previous β-carotene doses
(P ≤ 0.003; Fig. 4).
Canthaxanthin Supplementation
The dietary canthaxanthin did not affect the
skin astaxanthin (P = 0.103; Table 4). In con-
trast, the dietary canthaxanthin at any doses
significantly increased the skin β-carotene in
Week 5 compared to the basal diet (P ≤
0.047; Fig. 5). The withdrawal of canthaxan-
thin from the diet significantly reduced the skin
β-carotene at all doses of the dietary canthax-
anthin by Week 8 except at the 100 ppm dose
(P < 0.05).
Surprisingly, supplementation of dietary can-
thaxanthin suppressed the skin canthaxanthin in
fish fed the 20 or 100 ppm canthaxanthin diet
(P = 0.027; Fig. 5). Similarly, the supplemen-
tation of canthaxanthin at 20 or 100 ppm in
the diet suppressed the skin zeaxanthin in Week
5 (P = 0.019). Interestingly, the withdrawal of
canthaxanthin from the diet increased the sup-
pressed skin zeaxanthin to the similar level as
in the basal diet (P > 0.05).
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Figure 5. Effect of dietary canthaxanthin on the skin
canthaxanthin by dose (top) and on β-carotene and
zeaxanthin by time (middle and bottom). The values
represent means ± SE. Means with different letters denote
significant differences (P < 0 .05 ).
Discussion
The clownfish positively responded to the
dietary manipulation of astaxanthin, canthax-
anthin, and β-carotene during the first 5 wk
of diet supplementation. However, none of the
carotenoid species enhanced the reddish color
of the fish skin (i.e., reducing the hue value).
With hue values from 41◦ to 43◦, all fish skin
exhibited yellowish orange color at the end.
This finding disagreed with Tanaka et al. (1992)
who found that juvenile A. ocellaris fed the
dietary astaxanthin developed pinkish orange
color, while fish fed zeaxanthin appeared in
light orange.
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There have been attempts to intensify the
red color on farmed fish such as the Aus-
tralian snapper, Pagrus auratus (Booth et al.
2004), and the red porgy, P. pagrus (Cejas
et al. 2003), because the color in wild fish is
more reddish than in farmed fish. Red porgy fed
supplemented astaxanthin developed a lower
hue value or reddish color (Kalinowski et al.
2005), but the addition of β-carotene did not
enhance the red color in red porgy (Chatzi-
fotis et al. 2005). To improve the skin color
quality of red porgy, Kalinowski et al. (2005)
recommended a concentration of 20–40 ppm
astaxanthin to be added into the fish diet to
maintain the fish coloration, but Chatzifotis
et al. (2005) reported that a dose equivalent to
100 ppm astaxanthin in the diet had a signifi-
cant effect on skin pigmentation providing red
porgy with a color similar to the wild coun-
terparts. In this study, the impact of astaxan-
thin on the color performance of clownfish did
not depend on the dose from 20 to 100 ppm.
In another study, Tanaka et al. (1992) found
that a desirable color performance of the early
juvenile clownfish skin could be achieved by
supplementing the fish diet with 170 ppm astax-
anthin. A further increase of dietary astaxanthin
is worthwhile to test in clownfish, but it should
bear in mind that an excess intake of astaxan-
thin might be metabolically degraded (Page and
Davies 2006).
The effectiveness of a carotenoid source
for pigment deposition is species specific (Ha
et al. 1993). Fish species may exhibit different
pathways for carotenoid metabolism (Matsuno
2001). In rainbow trout, Oncorhynchus mykiss,
the dietary astaxanthin is partially metabolized
to zeaxanthin (Schiedt et al. 1985). In clown-
fish, the dietary astaxanthin supplement quickly
increased the skin astaxanthin in Week 1, but
the skin astaxanthin was transferred to zeax-
anthin and canthaxanthin. The change of skin
pigmentation was not, however, detected in the
hue change through image analysis.
Nakazoe et al. (1984) reported that the
content of skin carotenoid in fish fed the
β-carotene-supplemented diets was low and
the dietary β-carotene failed to increase the red-
dish color red porgy. It is also likely that the
accumulation of β-carotene in skin is low and
its conversion (if any) to astaxanthin in the
skin is minimal. On the contrary, other species
such as goldfish (Dutch Lionhead) and shrimps,
Penaeus monodon, can convert β-carotene to
astaxanthin (Hata and Hata 1972; Boonyarat-
palin et al. 2001). In this study, the dietary
β-carotene increased the yellowish orange of
clownfish and the enhanced color lasted despite
the withdrawal of β-carotene from the diet.
Interestingly, the dietary β-carotene did not
increase the skin β-carotene, but increased the
skin zeaxanthin and canthaxanthin. This result
suggests that the clownfish has a low capacity
to hold β-carotene in the skin and a fast con-
version of β-carotene to a mid-product result-
ing in low skin β-carotene. This low hold-
ing capacity of β-carotene in skin was also
found in characins, Hyphessobrycon callistus,
an ornamental fish, but the conversion of
β-carotene was to astaxanthin, not to zeaxanthin
and canthaxanthin (Wang et al. 2006). Wang
et al. (2006) further suggested that a mixed diet
containing 20 mg/kg of each astaxanthin and
β-carotene is most efficient and cost-effective
to reach its astaxanthin deposition. We found
that a dose of 100 ppm β-carotene could result
in high conversion to canthaxanthin. In another
study, Yamada et al. (1990) tested the pigmen-
tation of prawn, Penaeus japonicas, with vari-
ous carotenoid diets and found that β-carotene
was deposited as astaxanthin, but unfortunately
the skin levels of canthaxanthin or zeaxan-
thin were not measured in body. It seems that
aquatic animals are able to convert β-carotene
to other carotenoids, but the pathway and the
mid-products need further study.
Canthaxanthin has been used as dietary
supplement to enhance the pigmentation of
fish and crustacean (Shahidi et al. 1998; Kali-
nowski et al. 2005). Supplemented canthaxan-
thin in diets increased yellowish pigmentation
in clownfish and color brightness. A similar
result was found in red porgy where canthax-
anthin supplemented diets at 100 ppm con-
tributed a more yellowish skin hue than the
diet at 40 ppm canthaxanthin (Kalinowski et al.
2005). In our study, when the canthaxanthin
dose reached 100 ppm, color saturation was
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maintained better than at the 50 ppm dose, but
the drop of canthaxanthin in Week 5, reduced
color saturation. Lorenz (1998) reported that red
sea bream, Chrysophrys major, fed canthaxan-
thin decreased the level of carotenoid deposi-
tion in the integuments. This carotenoid reduc-
tion was explained by a limitation in the rate of
canthaxanthin absorption in the diet (Torrissen
et al. 1990). In clownfish, dietary canthaxanthin
also decreased the skin canthaxanthin and zeax-
anthin, but increased the skin β-carotene. How-
ever, the enhanced skin β-carotene returned to
the same level as the control diet after the
canthaxanthin withdrawal for 3 wk except in
fish fed the dietary canthaxanthin at 100 ppm.
This suggests that the accumulation of skin
β-carotene depends on the dose of dietary can-
thaxanthin.
The content of each carotenoid type found
in clownfish skin varied with the dietary sup-
plements used in this study. Nevertheless,
β-carotene was the most dominant carotenoid in
clownfish, accounting for 45–80% of the total
carotenoids, followed by zeaxanthin account-
ing for 12–38%, while astaxanthin or canthax-
anthin is always below 10%. In comparison,
Tanaka et al. (1992) reported that zeaxanthin
accounted for 70% and astaxanthin accounted
for 20% of the total carotenoids, but only a trace
amount of β-carotene was found in wild clown-
fish, A. ocellaris. This may partially explain
why wild clownfish are red-orange and farmed
clownfish are yellow-orange. In our study,
clownfish showed a quick color response when
astaxanthin was added to the diet. Skin astax-
anthin in clownfish fed the 20 ppm astaxanthin
diet accounted for 5% of the total carotenoids,
but in fish fed the basal diet it was only 1%. In
comparison, skin astaxanthin of red porgy fed
a 25 ppm astaxanthin diet accounted for 66%
of the total carotenoids, but fish fed the basal
diet only contained 39% (Tejera et al. 2007).
These results suggest that the magnitude of the
fish response to dietary astaxanthin seems to be
dependent on the basal level of skin astaxanthin.
During the testing period, the impact of
dietary carotenoids was more detectable by the
analysis of the skin pigments than by the image
analysis of the whole fish. Astaxanthin is the
only carotenoid that added more reddish color
on the skin and its withdrawal from the fish
diet did not reduce the red hue of the fish skin
after 3 wk.
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